INTRODUCTION
============

Due to the fact that it reliably results in positive outcomes, lymph node flap transfer (LNFT) is becoming an increasingly popular surgical procedure for the prevention and treatment of lymphedema. This technique has been shown to stimulate lymphoangiogenesis and restore lymphatic function, as well as decreasing infection rates, minimizing pain, and preventing the recurrence of lymphedema \[[@B1][@B2]\]. More specifically, recent studies have demonstrated that lymphatic drainage may be improved and/or restored by transferring vascularized lymph nodes from the supraclavicular, groin, axillary, submental, or abdominal areas into the distal parts of lymphedematous limbs \[[@B3][@B4][@B5]\].

Human lymph nodes have the capacity to enhance the regeneration of the lymphatic network and stimulate lymphoangiogenesis by releasing the VEGF-C growth factor \[[@B6]\].

In order to prevent upper limb lymphedema, LNFT may also be used as an adjunctive therapy in cases of breast reconstruction \[[@B4]\]. A number of lymphatic restoration techniques may also be utilized as a prophylactic measure after lymph node dissection \[[@B7][@B8]\].

While the clinical picture of lymphedema is often complicated by recurrent infections of the affected limb, lymph node transfer has been shown to enhance the immunological status of lymphedema patients and reduce infection rates \[[@B1][@B6]\]. Moreover, in patients with upper limb lymphedema, lymph node transplantation has the advantage of reducing neuropathic pain in the arm \[[@B1]\].

In this study, we investigated potential additional benefits of LNFT, primarily the possibility that sentinel lymph nodes may be used to detect micro-metastasis or in-transit metastasis and function as an additional lymphatic station after the excision of advanced skin cancer \[[@B9]\].

IDEA
====

Patient population
------------------

We retrospectively analyzed a series of six patients who underwent surgical resection for advanced malignant tumors between October 2013 and June 2014. All patients underwent LNFT either to prevent or to treat early-stage lymphedema. The average age of the patients was 49.6 years, with a range of 33-60 years. All patients underwent dissection of the axillary or groin lymph nodes for palpable nodules, depending on the location of the tumor. Three patients underwent excision of skin cancers (melanoma or squamous cell carcinoma) and primary reconstruction using a groin flap and LNFT. Three patients underwent excision of a melanoma and reconstruction with a lateral arm osteocutaneous flap, a medial sural flap, and a gluteal fasciocutaneous flap. Between one and three months postoperatively, these patients developed subclinical lymphedema and were admitted to the hospital for a secondary surgical treatment with LNFT. Six months following the LNFT procedure, all patients received a positron emission tomography/computed tomography (PET/CT) scan and lymphoscintigraphy in order to determine whether overall metastatic disease and lymphedema of the limb were present. At the same time, we examined the transferred lymph nodes to determine whether metastatic fragments were found in the flap. Fluorescence lymphography using indocyanine green was performed to investigate the lymph flow. Contrast fluid was injected intracutaneously into the distal limb and an infrared camera system was used to obtain images of the superficial lymphatic flow within a few minutes after the injection. After a mean of 7.5 months of follow-up, one patient showed lung metastasis. No metastasis was present in the transferred lymph node flaps. All limbs had symmetrical circumferences, with no significant swelling present. Clinical data about all patients are presented in [Table 1](#T1){ref-type="table"}.

Case 1
------

A 33-year-old male was admitted for the treatment of an acral melanoma of the right thumb after a positive excision biopsy ([Fig. 1](#F1){ref-type="fig"}). Radical excision with preservation of the metacarpophalangeal joint was performed along with dissection of the palpable axillary lymph nodes. A lateral arm osteocutaneous flap was raised, and the posterior radial collateral artery and its concomitant veins were anastomosed to the dorsalis pollicis artery, its concomitant vein, and a tributary of the cephalic vein. After two months, the patient returned to the outpatient clinic with swelling of the right arm. Lymphoscintigraphy confirmed subclinical lymphedema, and a LNFT was planned. A groin lymph node flap based on the superficial circumflex artery and vein was transferred to the volar site of the right wrist and anastomosed with the superficial palmaris branch of the radial artery, its concomitant vein, and a superficial branch of the cephalic vein. At six months after the operation, PET/CT showed survival of the LNFT, and no metastatic disease was evident in the flap ([Fig. 2](#F2){ref-type="fig"}). After nine months of follow-up, no clinical lymphedema, no recurrence, and no metastatic disease were evident ([Fig. 3](#F3){ref-type="fig"}).

Case 2
------

A 53-year-old female was admitted with suspected recurrence of melanoma on the right sole of the foot ([Fig. 4](#F4){ref-type="fig"}) and a palpable mass in the inguinal region. A biopsy confirmed the presence of an atypical melanocytic proliferative lesion. Dissection of the ipsilateral groin lymph nodes was performed with a wide local excision (approximately 10 cm×8 cm). The defect was reconstructed with a contralateral groin flap which included the superoinferior lateral lymph nodes ([Fig. 5](#F5){ref-type="fig"}). The superficial circumflex iliac artery was anastomosed to the medial plantar artery and the superficial circumflex iliac vein was anastomosed to the concomitant vein of the medial plantar artery. An additional vein directing drainage from the lymph nodes was anastomosed to another concomitant vein of the medial plantar artery ([Fig. 6](#F6){ref-type="fig"}). The flap had no complications of note and the patient recovered uneventfully. A postoperative lymphoscyntigraphy exam showed no signs of lymphedema. A PET/CT scan six months after the operation did not detect any metastasis in the flap or in more distal anatomical areas. At a seven-month follow-up examination, the patient was still free of any metastatic disease ([Fig. 7](#F7){ref-type="fig"}).

DISCUSSION
==========

The concept of LNFT was successfully introduced in an animal model by Shesol et al. \[[@B10]\] in 1979 and clinically applied by Clodius et al. \[[@B11]\] in 1982. Since that case report, several studies have confirmed the therapeutic efficacy of this procedure, although multiple explanations have been advanced to explain its mechanism. One theory is that lymphoangiogenesis occurs *via* growth factors produced by the transplanted lymph nodes and thereby bridges lymphatic pathways \[[@B4][@B6]\]. Another theory is that the transferred lymph nodes act as a lymphatic pump \[[@B5]\].

Additional benefits of lymph node transfer include the stimulation of lymphoangiogenesis and the restoration of lymphatic function, resulting in a lower risk of infection and less pain, as well as preventing lymphedema \[[@B1][@B2][@B3][@B4][@B5][@B6]\]. In this paper, we followed the cases of several patients to examine the potential use of transferred lymph nodes for detecting metastasis after tumor excision. In order to investigate this possibility, we analyzed six patients who underwent LNFT. Radiological examinations showed no tumors in the lymph node flaps after six months. Indocyanine green lymphography images showed the pattern of superficial lymphatic flow into the transplanted lymph nodes within a few minutes after injection ([Fig. 8](#F8){ref-type="fig"}).

While our results did not prove that transferred lymph nodes act as metastatic detectors, the possibility certainly warrants further experiment and research. It is important to note that the negative results found in our study may have been influenced by a small patient cohort and a short follow-up time. Further investigation of this topic is particularly intriguing because the management and understanding of the evolution of skin cancers, especially melanoma, remain controversial and treatment protocols are always subject to new revisions \[[@B12]\]. New molecular targets and treatment protocols are constantly under investigation, since the results of most clinical trials are unsatisfactory \[[@B12][@B13]\].

Metastasis is the most important predictor of a patient\'s prognosis, and the current focus of treatment is therefore directed toward the unequivocal determination of the presence of metastatic tumors in the adjacent epidermis, sentinel lymph nodes, circulation, and distant sites \[[@B13]\]. The process of metastasis consists of several complex phases and includes multiple mechanisms that have not yet been fully elucidated. Melanoma is theorized to metastasize mainly via the lymphatic route, but the role of lymphatic tissue in the spread and control of the tumor has not yet been defined.

The authors are conscious that this report does not necessarily represent the official view of the National Cancer Institute or the National Institutes of Health, but solely represents a possibility that may eventually be applied in future studies regarding the prognosis of skin cancer. A limitation of this article is the small number of patients analyzed and the short-term follow-up. The use of sentinel lymph nodes for detecting metastasis may be a promising new approach to the management of skin cancer, but we emphasize that further randomized prospective clinical studies, both *in vitro* and *in vivo*, are necessary to confirm the possible utility of this surgical procedure. We will continue to monitor our patients and will report whether metastasis is eventually detected *via* the sentinel lymph nodes in the course of long-term follow-up.
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![Preoperative photograph of patient 1\
A 33-year-old male with an acral melanoma of the right thumb.](aps-42-478-g001){#F1}

![Radiologic examination of patient 1\
Positron emission tomography/computed tomography confirmed the survival of the lymph node flap transfer and the absence of metastatic disease.](aps-42-478-g002){#F2}

![Postoperative photograph of patient 1\
A follow-up nine months after the operation showed no metastatic fragments trapped in the flap.](aps-42-478-g003){#F3}

![Preoperative photograph of patient 2\
A 53-year-old female with melanoma on the right sole of the foot.](aps-42-478-g004){#F4}

![Intraoperative photograph of patient 2\
Reconstruction with a groin flap including the lymph nodes (LN).](aps-42-478-g005){#F5}

![Intraoperative photograph of patient 2\
Vascularization and anastomosis of the groin lymph node flap.](aps-42-478-g006){#F6}

![Postoperative photograph of patient 2\
A follow-up examination at seven months showed no recurrence and no metastatic disease.](aps-42-478-g007){#F7}

![A postoperative radiologic examination\
(A) Contrast fluid was injected intracutaneously into the distal limb and an infrared camera system was used to obtain images of the superficial lymphatic flow. (B) The superficial lymphatic pattern indicates lymph flow into the transplanted lymph nodes.](aps-42-478-g008){#F8}

###### Clinical data pertaining to the patients in this study
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LNFT, lymph node flap transfer; GLNF, groin lymph node flap; SLNF, supraclavicular lymph node flap; LN, lymph nodes; SCC, squamous cell carcinoma.
